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Abstract 
The distribution of indoor air temperature in living environments can vary considerably as a result of temperature-induced 
differences in air density. During wintertime heating, warm air tends to concentrate toward the ceiling, leaving the lower portion 
near the floor (the primary area of occupant activity) relatively cold. There are ways to alleviate this situation, most notably 
forced convection by means of an air circulator. One problem with that approach, however, is that the temperature felt by the 
occupant is lower due to the chill caused by the air currents. In this research, ceramic insulating paint was applied to the interior 
walls of a test room (the paint contains many small ceramic particles and, through its insulative effects, is thought to increase 
energy efficiency). From this investigation, it was found that the ceramic insulating paint was effective in maintaining a high 
temperature near the floor during heating (and for an extended time after heating) without forced convection. The amenity of the 
test room was also evaluated. 
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1. Introduction 
In Japan, there are mounting concerns about global warming, uncertainties over the electricity supply in the 
aftermath of the Great East Japan Earthquake, and general calls for energy conservation in houses, stores, offices and 
other occupied spaces [1]. These concerns have underscored the importance of efficient HVAC (Heating, Ventilation, 
and Air Conditioning) facilities, which account for a fairly high proportion of total energy consumption. Efforts to 
reduce the HVAC load include the development and high-efficiency operation of HVAC equipment and the use of 
extensive insulation to isolate buildings from the outdoor environment. In this regard, attention has been focused on 
using HVAC equipment more efficiently, but relatively little attention has been paid to maintaining a comfortable, 
pleasant temperature distribution within indoor environments [2].  
The distribution of indoor air temperature is affected by air density, which itself is a function of temperature, and 
thus the distribution tends to be highly variable. It is well known that a uniform distribution of indoor temperature 
substantially improves overall HVAC efficiency and enhances the overall thermal comfort of occupants [3]. 
However, most approaches toward this end, including physically mixing the air by means of circulators entail a 
further input of energy. Relatively little research has considered how temperature distributions could be improved 
through the use of suitable interior coatings [4]. 
Against this background, we investigated a method for improving the temperature distribution within a room 
without any additional energy inputs. Specifically, a ceramic insulating paint was applied to the interior surface of a 
room [5-7]. The paint is characterized by its emission of far-infrared radiation and its physiological impact on the 
human body. The effectiveness of the ceramic insulating paint was then compared with that of conventional material 
through test application to similar spaces in an actual building. We also compare the amenity within those spaces. 
2. Materials and methods 
Figure 1 presents a photograph of the buildings used in this study; Figure 2 shows the floor plans of the test 
spaces. The two buildings were equivalent in terms of construction method, spatial volume, insulation 
characteristics, and the like. The interior finishing of a room in Building A (Figure 1, left) consisted of ceramic 
insulating paint applied to the walls and ceiling. In a room in Building B (Figure 1, right), the interior finishing 
consisted of a vinyl cloth (vinyl-coated fabric) covering on the walls and ceiling. Both rooms had a floor area 20 m2.  
Testing was conducted in the summer and winter of 2011 and 2012. Room temperature, relative humidity, 
absolute humidity, and the electric power consumption during HVAC equipment were measured. The measurements 
were taken with sensors under the conditions shown in Table 1. Furthermore, in both summer and winter testing, the 
skin surface temperature of participants was measured and a survey was conducted to assess their subjective thermal 
comfort. Skin temperature was measured with a portable LT-8 thermometer at eight locations: the forehead, right ear, 
left ear, right hand, left hand, abdomen, right foot, and left foot. Also, in winter testing, thermographs were taken 
with a TB-400 thermal camera. In the survey, subjective assessments of thermal sensation and thermal comfort were 
scored on 100-point scales for “hot vs. cold” (hot = 1) and “comfortable vs. uncomfortable” (uncomfortable = 1) 
respectively. For consistency from person to person, clothing insulation values (measured in “clo,” a unit of 
insulation with 1.0 clo corresponding to the insulative effect of a normal set of clothes) were set to 0.44 clo (450 g of  
clothing) for summer testing and 0.88 clo (880 g) for winter testing. 
 
 
Fig. 1. Photograph of experimental buildings. 
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Fig. 2. Floor plans of the test spaces. (a) Elevation view 1; (b) Elevation view 2. 
Table 1. Measurement conditions. 
Evaluation indices Sensors Measurement interval 
Room temperature TR-72S (T&D Corporation) 5 min. 
Relative humidity TR-72S (T&D Corporation) 5 min. 
Absolute humidity TR-72S (T&D Corporation) 5 min. 
Electric power consumption SHW3A (SYSTEM  ARTWARE Corporation) 1 min. 
Skin temperature LT-8 thermometer (Gram Corporation) 1 sec. 
 
In summer, the HVAC equipment was automatically operated at a cooling setting of 20 °C. In winter, the HVAC 
equipment was automatically operated at a heating setting of 20 °C, 24 °C, or 25 °C. A null setting (no operation) 
was also tested. 
3. Results and discussion 
Table 2 presents a comparison between Buildings A and B in terms of measurement results for indoor air 
temperature, relative humidity, absolute humidity, and electric power consumption during HVAC equipment usage. 
 
Table 2. Comparison between Buildings A and B. 
a) Summer 
Contents Details 
Setting of HVAC equipment 20oC, air cooling 
Room temperature Building A was 1.4 oC hotter than  building B 
Relative humidity Building A was 3.5% higher than  building B 
Absolute humidity Building A was 1.5% higher than  building B 
Electric power consumption Building A was 6.0W higher than  building B 
b) Winter 
Contents Details 
Setting of HVAC equipment 20oC, air heating 
Room temperature Building A was 0.9 oC cooler than  building B 
Relative humidity Building A was 6.0% higher than  building B 
Absolute humidity Building A was 0.8% higher than  building B 
Electric power consumption Not significantly different 
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Contents Details 
Setting of HVAC equipment 24oC, air heating 
Room temperature Building A was 1.5 oC cooler than  building B 
Relative humidity Building A was 6.5% higher than  building B 
Absolute humidity Building A was 1.2% higher than  building B 
Electric power consumption Not significantly different 
 
Contents  Details 
Setting of HVAC equipment 25oC, air heating 
Room temperature Building A was 1.3 oC cooler than  building B 
Relative humidity Building A was 4.7% higher than  building B 
Absolute humidity Building A was 0.8% higher than  building B 
Electric power consumption Building A was 13.2W lower than  building B 
 
As can be seen in the figure, indoor air temperature was 1.4 °C hotter, relative humidity was 3.5% higher (p<0.05), 
absolute humidity was 1.5% higher in Building A than in Building B. Also, Building A’s electric power 
consumption during HVAC usage was 6.0 W higher (p<0.05) during the summer. 
At the 20 °C setting, Building A was 0.9 °C cooler than Building B. Also, In Building A compared with Building 
B, relative humidity was 6.0% higher (p<0.05), absolute humidity was 0.8% higher (p<0.05), and electric power 
consumption during HVAC equipment usage was not significantly different. 
At the 24 °C setting, Building A was 1.5 °C cooler than Building B. Moreover, in Building A compared with 
Building B, relative humidity was 6.5% higher (p<0.05), absolute humidity was 1.2% higher (p<0.05), and electric 
power consumption during HVAC equipment usage was not significantly different. 
At the 25 °C setting, Building A was 1.3 °C cooler (p<0.05) than Building B. In Building A compared with 
Building B, relative humidity was 4.7% higher (p<0.05), absolute humidity was 0.8% higher (p<0.05), and electric 
power consumption during HVAC equipment usage was 13.2 W lower (p<0.05). 
Under the null (no operation) setting, there was no significant difference in indoor air temperature between 
Building A and Building B. The relative humidity of Building A was 6.8% higher (p<0.05) and its absolute humidity 
was 0.5% higher (p<0.05) in comparison with Building B.  
Under all measurement conditions, Building A was found to have higher relative and absolute humidity than 
Building B. Furthermore, in winter, Building A was found to have a lower electric power consumption during 
HVAC operation. 
Figure 3 shows the relation between standard effective temperature (as calculated from skin surface temperature) 
and subjective assessments of thermal sensation and thermal comfort. In summer, the relations of standard effective 
temperature with thermal sensation and thermal comfort showed that Building A had a higher standard effective 
temperature and the majority of responses to the survey questions were “hot” and “comfortable” Furthermore, indoor 
air temperature was consistently higher in Building A than in Building B and, at almost all times, humidity was 
higher as well. From these results, we find that Building A, despite having a higher temperature and humidity, 
tended to be more comfortable in terms of both skin surface temperature measurements and subjective assessment 
results. 
In winter, on the other hand, we did not find any significant differences between Building A and Building B in 
skin surface temperature or subjective assessment results. 
Figure 4 shows changes in indoor air temperature. We see that after HVAC equipment shutdown, Building B was 
cooler than Building A. Furthermore, Building A was consistently more humid than Building B, with the humidity 
gap between the two reaching as much as 13%. HVAC equipment was shut down at 00:00, and the subsequent 
change in temperature was more gradual in Building A than in Building B. Figure 5 presents thermal camera images 
taken after HVAC equipment shutdown. We see that temperature declines more gradually in Building A than in 
Building B, indicating that thermal sensation could be maintained in Building A. 
a 
b 
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Fig. 3. Results of subjective assessments. (a) Hot vs. cold; (b) Comfortable vs. Uncomfortable. 
 
Fig. 4. Changes in indoor air temperature. 
 
 
Fig. 5. Thermal camera images. (a) Building A; (b) Building B. 
a 
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4. Conclusions 
In this research, we have applied ceramic insulating paint, which contained small ceramic particles and is thought 
to increase energy efficiency through it insulative effects, onto the interior walls of a test room. From the results of 
this study, we can infer that the paint maintained a relatively high temperature near the floor of the room during 
heating and for some time after heating, and did so without forced convection. We also assessed the amenity of the 
test rooms. It was found that by using the ceramic insulating paint as the finishing of the room interior, a high degree 
of comfort could be maintained in both the summer and the winter. In addition, we quantitatively demonstrated that 
the paint is particularly effective in maintaining a comfortable indoor environment for some time after the HVAC 
equipment has been shut down. 
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